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SUMMARY 

I 
I 

Tests have been made at transonic speeds on a lenticular-shaped 
reentry vehicle.  
at angles of a t tack  from approximately - 3 O  t o  102O. 
body-alone and body-fin configurations. The Reynolds number based pn 
body length varied during t h e  tests from about 1 .2  X 1.06 t o  4.4 X 106. 

The tests covered a Mach number range from 0.40 t o  1.20 
Tests were made on 

The r e s u l t s  ind ica te  t h a t  the body-alone configuration w a s  s t a t i c a l l y  
unstable at angles of a t tack  near 0' and s t a b l e  at angles of a t tack  near 
goo. 
trally stable configuration near 00 at most Mach numbers and s l i g h t l y  
increased the  s t a b i l i t y  at angles of a t tack  near 900. 
and moderate angles of a t tack  separated flow w a s  prominent on the  body 
upper sur face  and caused horizontal-fin ineffect iveness  at these tes t  
conditions. 
at a higher angle of a t tack  at a l l  Mach numbers. 
r a t i o s  of about 3.5 were obtained on both the  body-alone and body-fin 
configurations at M = 0.4, and t h i s  value diminished t o  about 1 .0  at 

Additiod of Rorizontal f i n s  with no def lect ion resu l ted  i n  a neu- 

A t  t ransonic speeds 

I Deflecting the f i n s  -20° caused t h e  configuration t o  t r i m  
Maximum lift-drag 

, low-supersonic speeds: 

I INTRODUCTION 

A t  the  present time the  reentry requirements of space vehicles axe 

Therefore, an 
not c l e a r l y  defined, and vehicles having m a x i m u m  l if t-drag r a t i o s  from 
0 t o  about 2 at hypersonic speeds a re  being studied. 

study t h e  aerodynamic c h a r a c t e r i s t i c s  at subsonic t o  hypersonic speeds 
of a wide var ie ty  of generalized lifting-body shapes s u i t a b l e  f o r  
reentry vehicles. 

, extensive invest igat ion i s  i n  progress at the  Langley Research Center t o  

Since some of these vehicles m a y  t raverse  a la rge  

T i t l e ,  Unclassified. * 
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portion of the flight path at high angles of attack, these studies gen- 
erally cover a large angle range. 

The present paper presents the static longitudinal aerodynamic charac- 
teristics at transonic speeds on one vehicle - a lenticular-shaped body 
with and without movable fins which provide longitudinal control. The 
tests on this lenticular-shaped vehicle were also made in support of 
studies currently being made by NASA Space Task Group. The tests were 
conducted in the Langley 8-foot transonic pressure tunnel at Mach numbers 
from 0.40 to 1.20 and at angles of attack up to approximately looo. 
on similar vehicles have been conducted at supersonic speeds and at low- 
subsonic speeds, and the results have been presented in references 1, 2, 
and 3. 

Tests 

SYMBOLS 

CA 

CD 

‘D,min 

CL 

Cm 

cN 

cP ,b 

Axial force axial-force coefficient, 
qs 

Drag 
drag coefficient, - 

qs 

minimum drag coefficient 

Lift lift coefficient, - 
qs 

Pitching moment about c.g. 
pitching-moment coefficient, 

9sz 
(c.g. at 0.452, see fig. 1) 

Normal force normal-force coefficient, 
qs 

base-pressure coefficient, pb - p  

9 

maximum lift-drag ratio 
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2 

M 

P 

Po 

9 

R 

S 

a 

6 

body length, i n .  

free-stream Mach number 

free-stream s t a t i c  pressure, lb/sq f t  

s t a t i c  pressure at model base, lb/sq f t  

free-stream dynamic pressure, lb/sq f t  

Reynolds number based on body length 

body planform area, excluding f i n s ,  sq f t  

angle of attack, deg 

f i n  def lec t ion  angle, pos i t ive  when t r a i l i n g  edge down, deg 

APPARATUS 

Tunnel 

3 

The invest igat ion w a s  conducted i n  t h e  Langley 8-foot transonic 
pressure tunnel.  
cross sect ion.  The upper and lower w a l l s  a re  s l o t t e d  longi tudinal ly  
t o  allow continuous operation through t h e  transonic speed range with 
negl igible  e f f e c t s  of choking and blockage. 
the  tunnel w a s  operated at stagnation pressures from about l / 3  t o  1 a t m o s -  
phere. The dewpoint of the tunnel air w a s  control led and w a s  kept con- 
stant at approximately 00 F. 
air w a s  automatically controlled and w a s  kept constant at about 120° F. 
Control of both dewpoint and stagnation temperature i n  t h i s  m a n n e r  
minimized humidity e f fec ts .  Detai ls  of the  tes t  sect ion a re  presented 
i n  reference 4. 

The tes t  sect ion of t h i s  f a c i l i t y  i s  rectangular i n  

During t h i s  invest igat ion 

The stagnation temperature of the  tunnel 

Models 

Details of  t h e  lenticular-shaped m o d e l  used during t h i s  invest igat ion 

The body shape w a s  generated by revolving an e l l i p s e ,  having a 
are shown i n  f igure 1, and photographs of t h e  model a re  presented i n  f i g -  
ure  2. 
major-to-minor-axis r a t i o  of 2.73, about i t s  minor axis. The horizontal  
f i n s  were f la t  p l a t e s  with t h e  leading edges rounded and v e r t i c a l  end 
p la tes  on t h e  t i p s .  The f i n  def lect ion angle 6 is  the  angle generated 
by ro ta t ing  t h e  horizontal  f i n  about i t s  hinge l i n e  and is  pos i t ive  when 
the t r a i l i n g  edge of t h e  f i n  i s  def lected down. The end p l a t e s  were 
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Measured f i n  
def lec t ion  angles, 

r i g id ly  attached t o  the  horizontal  f i n s  so t h a t  the  e n t i r e  f i n  s t ruc tu re  
w a s  def lected.  

Right 

L e f t  

A t  angles of a t tack  from about - 3 O  t o  200 the  model w a s  supported i n  
the  tunnel by a conventional s t i n g  which extended from t h e  base of t h e  
body and w a s ,  i n  turn,  attached t o  the  cen t r a l  support system of the  
tunnel. (See f i g s .  l ( a )  and 2 ( a ) . )  A three-component i n t e rna l  s t r a i n -  
gage balance w a s  attached t o  the forward end of the  s t i ng  and w a s  housed 
within the  body. 
attached t o  the  forward end of t he  s t i ng  and f i t t e d  i n t o  a cavi ty  on top  
of t he  body. (See f i g s .  l ( b )  and 2 ( b ) . )  The movable tongue of t h e  
adapter, which w a s  attached t o  the  balance, w a s  f ixed at angles from 
20° t o  90° t o  obtain da t a  a t  the  high angles of a t tack.  When the  adapter 
w a s  used, a base plug w a s  f i t t e d  i n t o  the  hole at the  model base provided 
f o r  t he  low-angle s t ing .  (See f i g s .  l ( b )  and 2 ( b ) . )  These support 
systems kept t he  model near t he  center l i n e  of t he  tunnel at a l l  angles 
of a t tack.  

A t  angles of a t tack  grea te r  than 20' an adapter w a s  

6 = oo 6 = -2OO 

-0.63 -21.60 

- 03 -20.87 
L 

TESTS 

Tests were m a d e  on the  body alone, body-fin combination with no f i n  
def lec t ion  (6  = Oo), and on the  body-fin combination with the  f i n s  
def lected 20°, t r a i l i n g  edge up (6  = - 2 O O ) .  The measured f i n  def lec t ion  
angles are as follows: 

The nominal def lec t ion  angles of Oo and -200 w i l l  be used i n  the  remainder 
of t h e  paper. 

Tests were made at Mach numbers from 0.40 t o  1.20 at angles of a t tack  
from about -3' t o  102'. 
re f lec ted  disturbances influenced the  model so no d a t a  were recorded i n  
t h i s  Mach number range. 

A t  Mach numbers between 1.03 and 1.13, boundary 
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cN 

f0. 034 

f a 8  

+. 028 

Tests were made at stagnation pressures from about l/3 t o  1 atmos- 
phere depending on Mach number and angle of a t tack.  
Reynolds number based on body length varied during the  t e s t s  from about 
1.2 x 106 t o  4.4 x 106. 
fu l l - s ca l e  vehicle  of t h i s  shape ind ica te  t h a t  the  f l i g h t  Reynolds number 
based on body length f o r  a typ ica l  reentry f l i g h t  plan might vary from 
about 4.9 x 106 a t  t o  8.5 x 106 at  

Therefore, t he  

(See f i g .  3.1 Trajectory calculat ions f o r  a 

M = 1.2 M = 0.6. 

cA 

fo .  0038 

5.0019 

k. 0019 

A l l  t e s t s  were made with na tura l  t r ans i t i on .  

MEASUREMENTS AND ACCURACY 

A study of t he  f ac to r s  a f fec t ing  t h e  accuracy of t he  r e s u l t s  indi-  
ca tes  t h a t  t h e  measured coef f ic ien ts  a re  accurate within the  following 
l i m i t s  : 

I Accuracy of - 

fO. oogo 

f. 0046 

+. 0045 

The angle of a t tack  which was measured with a strain-gage a t t i t u d e  
t ransmi t te r  mounted i n  the  tunnel c e n t r a l  support tube w a s  adjusted f o r  
flow angular i ty  and balance and s t i n g  def lec t ions  under load. 
of a t t ack  i s  estimated t o  be accurate within f0.1'. 

The angle 

Cal ibrat ions of t he  tunnel t e s t  sec t ion  ind ica t e  t h a t  l o c a l  devia- 
t i ons  from t h e  average free-stream Mach number are of t h e  order of 
50.005 at subsonic speeds. With increases i n  Mach number, these devia- 
t i ons  increase but  do not exceed fO.010 i n  t h e  region of t h e  model at 
M = 1.20. Several  representat ive Mach number d i s t r ibu t ions  along t h e  
center  of t h e  t e s t  sec t ion  a re  presented i n  reference 4. The average 
free-stream Mach number w a s  held t o  within fO.005 of the  nominal values 
shown i n  t h i s  paper. 
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The pressure i n  the  region of the  model base w a s  measured during the  
For the  

For the  high-angle t e s t s  

tests and i s  presented as base-pressure coef f ic ien t  i n  f igure  4.  
low-angle t e s t s  (a = -30 t o  20°) t h e  base-pressure tube w a s  mounted on the  
s t i n g  several  inches forward of the  model base. 
(a = 20° t o  102O) t h e  base-pressure tube w a s  located near the  bottom of 
t h e  cavity provided f o r  the knuckle. 
these base-pressure coef f ic ien ts  i s  within +0.010. 

It i s  estimated t h a t  t h e  accuracy of 

CORRECTIONS 

No corrections have been applied t o  the data f o r  boundary-interference 
e f f e c t s .  A t  subsonic speeds, the  s l o t t e d  t e s t  section minimized boundary- 
interference e f f e c t s  such as blockage and boundary-induced upwash. 

The e f f e c t s  of the  presence of the  high-angle knuckle were not deter-  
mined during these t e s t s ,  and no corfections have been applied t o  the d a t a  
t o  account f o r  support interference.  The axial and drag d a t a  presented 
have not been adjusted t o  free-stream conditions at the  model base. 

The aerodynamic coef f ic ien ts  plot ted against  angle of a t tack  f o r  the 
three  configurations t e s t e d  are presented i n  f igure  5 .  
are a l so  tabulated i n  tab les  I, 11, A d  I11 along with the  base-pressure 
coef f ic ien ts .  
of a t tack  below about 20' f o r  the  body-alone configuration. 
body-fin, 
about 73'. A s  was noted previously, t h e  high-angle adapter was i n s t a l l e d  
near 20° t o  obtain d a t a  at high angles of a t tack.  Data at angles of 
a t tack  of approximately 20° were a l so  obtained using the  low-angle s t i n g .  
(See t a b l e s  I t o  111.) 
systems agreed reasonably well; however, i n  some instances t h e  agreement 
w a s  poor. Therefore, the  f a i r i n g s  of the  curves i n  f igure  5 i n  the 
region of 200 are  ra ther  a rb i t ra ry .  
graphs taken during the  tests of t h e  body-alone configuration at an 
angle of a t tack  of approximately 200. Figures 7, 8, 9 ,  and 10 present 
analysis  curves. The slopes i n  f igure  7 were taken a t  angles of a t tack  
between -3' and 4:. 
a t tack  between 82 and 102O. 
obtained from the  faired curves. 

These coef f ic ien ts  

A t  a Mach number of 0.80 no d a t a  were obtained at angles 

configuration the  highest test  angle of a t tack  was 
For the  

6 = -20' 

In  most cases t h e  d a t a  obtained using both support 

Figure 6 presents schl ieren photo- 

The slopes i n  f igure  9 were taken a t  angles of 
The other  quant i t ies  i n  f i g u r e s  7 t o  10 were 
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DISCUSSION 

Body-Alone Configuration 

The aerodynamic cha rac t e r i s t i c s  f o r  t he  body-alone configuration 
shown i n  f igu re  5 show t h a t  t h e  l i f t  curve has a pos i t ive  slope up t o  an 
angle of a t t ack  of about 300 or  400 ( m a x i m u m  l i f t )  and a negative slope 
over t h e  remainder of t he  angle range t e s t ed .  As would be expected, t h e  
drag coe f f i c i en t s  reach a maximum around an angle of a t t ack  of goo. The 
pitching-moment-coefficient curves (c.g.  at 45 percent of t he  body length)  
have a pos i t i ve  s lope up t o  about t he  angle of a t t ack  f o r  m a x i m u m  l i f t  
and then a negative s lope over t h e  remainder of t h e  angle range. 
normal-force coe f f i c i en t s  appear t o  be reaching a maximum value at angles 
of a t t ack  near 1000. 
coe f f i c i en t s  generally decrease with increasing angle of a t t ack  from a 
pos i t i ve  value at -30 t o  0 at an angle of a t t ack  of approximately 900. 
A t  a Mach number of 0.60, negative values of t he  axial-force coe f f i c i en t  
were obtained at angles of a t tadk near 30°, probably because of leading- 
edge t h r u s t  developed by t h i s  configuration. 

The 

A t  Mach numbers of 0.80 and above, t he  axial-force 

The sch l ie ren  photographs at a = 20° fo r  t he  body-alone configura- 
t i o n  presented i n  f igu re  6 show t h a t  at Mach numbers of 0.80 and 0.95 
a l a rge  separated wedge i s  formed on the  body upper surface.  
increases  i n  Mach number t h i s  separated region diminishes i n  thickness 
and extent .  
by the  broad white l i n e  i s  the  model bow wave s t r i k i n g  t h e  tunnel w a l l .  

With 

A t  Mach numbers of 1.13 and 1.20 t h e  strong shock indicated 

The l i f t - cu rve  s lope at angles of a t t ack  near Oo ( f i g .  7 (a ) )  f o r  
the body-alone configuration w a s  about 0.01 at the  low Mach numbers apd 
increased at t ransonic  speeds t o  a value of about 0.022. The moment 
cha rac t e r i s t i c s  a t  angles of a t t ack  near 0' ( f i g .  7 (b ) )  ind ica te  t h a t  t he  
body-alone configuration i s  s t a t i c a l l y  unstable  throughout t h e  e n t i r e  
Mach number range t e s t ed .  The minimum-drag curve ( f i g .  7 ( c ) )  exhib i t s  
t y p i c a l  drag-r ise  cha rac t e r i s t i c s  at transonic speeds. 
l i f t -d rag - ra t io  c h m a c t e r i s t i c s  ( f i g .  8) show t h a t  a maximum l i f t -d rag  
r a t i o  of about 5.5 was obtained a t  M = 0.4. With increases  i n  Mach 
number, t h e  maximum l i f t -d rag  r a t i o  decreased rap id ly  t o  about 
where it leveled out a t  a value of about 1.0. The l i f t  coe f f i c i en t  f o r  
maximum l i f t - d r a g  r a t i o  increased with increases  i n  Mach number from 
about 0.04 a t  M = 0.4 t o  about 0.44 a t  M = 1.2.  The angle of a t t ack  
f o r  maximum l i f t - d r a g  r a t i o  increased with increases i n  Mach number from 
about 4O at  M = 0.4 t o  20' at  M = 1.2 .  

The m a x i m u m  

M = 0.90 

A t  angles of a t t ack  near 900 the  l i f t - cu rve  slope f o r  t h e  body-alone 

Further increases i n  Mach number cause t h e  lift- 
configuration has a negative value of about -0.011 at Mach numbers from 
0.6 t o  0.8 ( f i g .  9 (a ) ) .  
curve slope t o  increase negatively t o  a value of about -0.016 a t  a Mach 
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number of 1.2. The slope of the  pitching-moment curves at angles of 
a t tack  near 900 f o r  the body-alone configuration ( f i g .  g ( b ) )  i s  constant 
through the  Mach number range tes ted  and indicates  t h a t  the  body alone 
i s  s t a t i c a l l y  s tab le .  The drag coeff ic ient  a t  an angle of a t tack  of 90° 
gradually increases with increases i n  Mach number up t o  a Mach number o f  
about 1.1 and did not exhibi t  the  pronounced drag-rise c h a r a c t e r i s t i c s  
noted at an angle of a t tack  of 0'. 

In  reference 3 it w a s  pointed out t h a t  f o r  f l a t  wings a good approxi- 
mation of the  l i f t -curve  slope (per radian)  at an angle of a t tack  of 90' 
w a s  the  negative of the  drag coef f ic ien t  at an angle of  a t tack  of 900; 
therefore,  

The b a s i s  f o r  t h i s  approximation can be seen by noting t h a t  

CL = CN cos a - CA s i n  u 

then 

and at an angle of a t tack  of goo 

but 

CD = CA COS a + CN s i n  u 

, and at &n angle of a t tack  of goo 
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It was  noted i n  reference 5 t h a t  the  value of (2) w a s  s m a l l  f o r  f l a t  

wings, general ly  less than 2 percent of the  value of the  drag coef f ic ien t  
a t  90°, and can therefore  be neglected t o  give equation (1). It i s  of 
i n t e r e s t  t o  note t h a t  f o r  t he  present configuration t h i s  approximetion 
i s  not va l id .  Figures g(c)  and (d)  show t h a t  the  contr ibut ion of 

i s  of the  order of 25 percent of c ~ , ~ = g o O  and neglect ing 

it would r e s u l t  i n  values of which were of the  order of 

30 percent too high. 

Body-Fin, 6 = 0' Configuration 

The e f f e c t s  on the  basic aerodynamic cha rac t e r i s t i c s  of adding t h e  
horizontal  f i n  t o  the  body-alone configuration can be seen i n  f igure  5 .  
The addi t ion of t he  f i n  generally caused the  angle of a t t ack  a t  which 
maximum l i f t  occurred t o  increase,  caused the  drag coef f ic ien t  t o  increase 
a t  a l l  tes t  conditions,  and caused marked changes i n  t h e  pitching-moment 
cha rac t e r i s t i c s .  An i n t e re s t ing  e f f e c t  i s  evident a t  Mach numbers of 0.90 
and 0.95 a t  angles of a t t ack  from about -3O t o  20°. A t  these test  condi- 
t i o n s  the  addi t ion of the  horizontal  f i n  caused l i t t l e  or no change i n  
t h e  l i f t -  and pitching-moment-coefficient cha rac t e r i s t i c s .  The sch l ie ren  
photographs previously noted f o r  t he  body-alone configuration ( f i g .  6 )  
ind ica te  t h a t  a la rge  port ion of t he  horizontal  f i n s  may have been 
blanketed by the  separated upper-surface flow and thus were inef fec t ive .  
The sch l ie ren  photographs ind ica te  t h a t  t h i s  condition i s  gradually 
diminished with increases i n  Mach number and t h e  l i f t -  and pitching- 
monent-coeff i c i e n t  da ta  i n  f igures  5 (a) and ( c ) ,  respect ively,  a r e  con- 
s i s t e n t  with t h i s  premise. 

A t  low angles of a t t ack  the addi t ion of t he  horizontal  f i n  caused 
l a rge  increases i n  the  l i f t -curve  slope up t o  a Mach number of about 0.8 
and some increases above M = 1.0 ( f ig .  7 ( a ) ) .  Even though the  addi t ion  
of t he  f i n  decreased the  slope of t he  pitching-moment-coefficient curve 
a t  a l l  Mach numbers a t  a a Oo, t he  body-fin, 6 = 0' configuration w a s  
s t i l l  unstable or  neut ra l ly  s t ab le  a t  a l l  Mach numbers below about 1.0 
( f ig .  7 ( b ) )  . The minimum drag coef f ic ien t  f o r  t he  body-f i n ,  6 = 0' con- 
f igura t ion  w a s  general ly  increased s l i g h t l y  over t he  body-alone values 
( f ig .  7 m .  
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The maximum l i f t -d rag - ra t io  cha rac t e r i s t i c s  ( f i g .  8) ind ica te  t h a t  
t he  addi t ion of t h e  f i n  produced l i t t l e  or  no change i n  the  maximum 
l i f t - d r a g  r a t i o .  
increases  i n  t h e  l i f t  coef f ic ien t  and angle of a t tack  f o r  maximum l i f t -  
drag r a t i o .  

The addi t ion of t h e  f i n  was responsible f o r  some 

A t  angles of a t t ack  near 90' t h e  addi t ion of the  f i n  caused an 
increase i n  t h e  negative l i f t - cu rve  slope, a s l i g h t  increase i n  the  
negative pitching-moment-curve slope,  and a ra ther  large increase i n  the  
drag coef f ic ien t  ( f i g .  9). 

Body-Fin, 6 = -20° Configuration 

The e f f e c t s  of def lec t ing  the  f i n  -20' ( t r a i l i n g  edge up) on t h e  
basic  aerodynamic cha rac t e r i s t i c s  can be seen i n  f igu re  5 .  The ineffec-  
t iveness  of t h e  f i n s  t o  produce l i f t  and p i tch  increments at Mach numbers 
of 0.90 and 0.95 at moderate angles of a t tack  i s  evident f o r  t he  
6 = -20° f i n  configuration as it w a s  f o r  t he  6 = 00 configuration. 
(See f i g s .  ?(a) and ( c ) . )  
t h i s  ineffect iveness  occurred w a s  reduced t o  about 7Lo t o  20' f o r  t he  

6 = -20' 
6 = 0' f i n  configuration. A s  would be expected, t h e  body-fin, 6 = -200 
configuration trimmed at a higher angle of a t t ack  at a l l  Mach numbers 
than t h e  6 = 0' configuration ( f i g .  ? ( e ) ) .  It i s  l i k e l y  t h a t  t he  
model could be trimmed at intermediate angles of a t t ack  by using su i t ab le  
f i n  def lec t ions  between 00 and -200. 
coef f ic ien ts  due t o  a f i n  def lec t ion  of  -20' a re  p lo t t ed  against  t he  
angle of a t t ack  i n  f igure  10. A t  Mach numbers above 0.60, these  incre-  
mental pitching-moment coef f ic ien ts  exhibited a minimum value at angles 
of a t t ack  around 15O t o  2 3 O  and a t  Mach numbers of 0.90 and 0.95, t h e  
value dropped t o  about 0 at an angle of a t t ack  of approximately 15'. 
This reduction i n  t h e  pitching-moment-coefficient increment is  a r e s u l t  
of t h e  separated flow prevalent on t h e  body upper surface t h a t  w a s  noted 
previously. 

However, , the angle-of-attack range over which 

2 
f i n  configuration as compared t o  about -3O t o  20° f o r  t he  

The incremental pitching-moment 

co~LusIoNs 

Analysis of d a t a  from tests at transonic speeds on a l en t i cu la r -  
shaped reentry vehicle has l e d  t o  t h e  following conclusions: 

1. The body-alone configuration w a s  s t a t i c a l l y  unstable at angles 
of a t t ack  near Oo but  w a s  s t ab le  at angles of a t t ack  near goo. 
l i f t - d r a g  r a t i o s  of about 5.5 were obtained f o r  t h e  body-alone con- 
f igura t ion  at a Mach number of 0.4 but  diminished t o  about 1 .0  at low- 
supersonic speeds. 

Maximum 
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2. The addi t ion  of hor izonta l  f i n s  with no def lec t ion  decreased the' 
slope of t h e  pitching-moment-coefficient curves a t  angles of a t t ack  near 
Oo, but t h i s  configuration was s t i l l  neu t r a l ly  stable o r  unstable  over 
most of t he  Mach number range. A t  angles of a t t ack  near 90° t h e  addi- 
t i o n  of t h e  f i n s  r e su l t ed  i n  s l i g h t l y  increased s t a b i l i t y  over t he  Mach 
number range. The addi t ion of f i n s  had l i t t l e  or  no e f f e c t  on t h e  maxi- 
mum l i f t - d r a g  r a t i o .  

3. A t  transonic speeds and moderate angles of a t tack,  separated 
flow was prevalent on t h e  body upper surface.  
f i n s  were not e f f ec t ive  a t  these  tes t  conditions. 

A s  a r e s u l t  of t h i s ,  t he  

4. Deflecting t h e  f i n s  -20' caused the  configuration t o  t r i m  at a 
higher angle of a t t ack  at a l l  Mach numbers. 
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TABLE 11.- AWODYIULMIC C O E F F I C I E W S  FOR THE BODY-FIN CONFIGURATION 

s a  
I & ‘L ‘D % cN cA 5 , b  

M = 0.40 

-3.1 -0.3% 0.0801 0,0598 -0,358 0.0607 0.226 
-3.1 -.233 ,0805 ,0575 - .231 ,0679 .25& 
-.1 -.236 .0522 ,0575 -.237 ,0519 ,255, 
4 .O - ,052 .0270 ,0538 - ,050 ,0306 ,273 
8.1 ,125 ,0240 ,0505 ,128 ,0062 ,309 
12.1 ,282 ,0514 ,0451 ,286 - .009 .266 
16.2 ,472 .0993 ,0248 ,481 - ,0363 ,313 
20.3 ,614 ,1565 ,0169 ,630 - ,0658 .2yi t  

- 
-3.2 
-.l 
- .1 
4 .0  
8.2 

12.3 
16.4 
20.5 
20.7 
20.7 
31.2 
41.2 
51.2 
51.2 
61.3 
71.3 
81.2 
81.2 
91.2 
101.1 

~ 

-3.2 
-.1 
-.I 
4.1 
8.2 

12.3 
16.3 
m.4 
21.2 
31.4 
41.7 
51.9 
51.9 
62.1 
72.2 
81.4 
81.5 
91.5 
101. 3 

- 
-0.323 
-.I89 
-.I93 
- ,034 

,141 
.262 
,446 
,601 
.514 
,511 
,870 
,773 
,734 
,726 
,649 
,537 
,339 
,338 
,149 - ,030 

~ 

- 
-0.315 - ,166 
-.179 

,052 
,213 
,338 
,431 
,510 
,539 
,601 
,685 
,698 
,695 
,655 
.537 
,354 
,352 
,144 - .065 

- 
0.085€ 

,0570 
,0570 
,0321 
,029 
.O55R 
,1010 
.1>611 
,1560 
,1541 
,3579 
,6453 
,8348 
.E324 

1.0572 
1.2298 
1.3595 
1.3610 
1.4085 
1.4000 __ 
0.0925 
,0661 
,0649 
,0573 
.0832 
,1242 
.182y 
,2703 
,2538 

.I316 

.9340 
,9333 

1.1776 
1.3680 
1.4907 
1.4926 
1.5640 
1.5702 

~ 8 2 6  

M = 0.60 

0.0509 
.0507 
. O W  
,0562 
,0529 
,0588 
,0416 
,0368 
,0399 
,0385 
,0265 - ,0319 

- ,0924 
-.0941 - ,1436 - ,194 
- ,2270 
. ,2272 - ,2665 
- ,3081 

u - o m  

0.0667 
,0567 
,0566 
,0344 
,0087 

- ,0012 
- .0292 
-A639  
-.0357 
- ,0364 
- .1437 
- ,0233 - ,0485 
-.0444 
-.0611 
-.1152 
- . le71 - ,1263 - ,1778 
-.2393 

__ 
-0.327 
-.leg 
-.I93 - ,032 
.144 
.268 
,456 
,617 
,536 
,532 
,929 

1.007 
1.110 
1.104 
1.239 
1.337 
1.395 
1.397 
1.405 
1.380 

0.0501 -0.320 0.0750 
. a 9 4  -.167 .0659 

~ .. - ._.- 

,0499 -.I79 .0647 
,0428 ,056 ,0534 
,0416 ,223 ,0521 
.0508 ,357 ,0496 
.0522 ,465 ,0544 
,0425 ,572 ,0758 
,0469 ,594 . a 2 2  

-.0505 ,998 ,0911 
- . lo34 1.166 .OPT3 
-.lo34 1.163 ,0297 
-.I540 1.347 -.0274 
-.ZOO8 1.467 -A926 
-.2469 1.527 -.1280 

-.2914 1.560 -.1843 
-.3325 1.553 -.2445 

,0108 ,765 ,0987 

-.2477 1.528 -.1276 

~ 

0.1621 
.I931 
,1941 
.257J 
.275: 
,280‘ 
,288: 
,2821 
,0931 
,096: 
,019’ 

-.4221 
- .5221 
-.519? 
-.519? 
- ,488: 
-.4>8: 
-.45@ - ,4201 
-.416: - 

~ 

0.174C 
,1641 
,171: 
,1421 
,159: 
,1127 
. o 5 ~  
,0441 

-.1ffit 
-.431? 
-.529: 
- .>14c - ,5129 
- ,4999 
-.4837 

- .477€ 
. .4721 

-.476€ 

-.4756 

__ 
-3.1 

.o 

.o 
4.1 
8.2 

12.3 
16.3 
20.4 
20.9 
20.9 
31.1 
41.5 
52.6 
52.6 
62.8 
73.0 
81.5 
81.5 
91.4 
01.4 __ 

-0.096 0.2211 
-.022 ,2147 
-.016 ,2148 

,077 .?162 
,163 2 3 4 3  
,245 .2662 
,292 ,5052 
,337 ,3531 

,456 ,3966 
,460 .3975 
,541 ,5726 
,738 ,8404 
.760 1.0932 
.762 1.0944 
,715 1.<552 
,570 1.5471 
,396 1.6316 
,395 1.6300 
,157 1.7126 
-.081 1.7194 

M = 0.95 
-0.0035 -0.108 

.m63 -.022 

.W52 -.016 

.0168 ,092 
,0302 ,195 
,0406 .296 
,0501 ,366 
,0461 ,439 
,0427 .568 
,0428 .572 

-.0032 .I59 
-.0714 1.110 
- . E 2 6  1.330 
-.1224 1.332 
- . m 3  1.’>32 
-.Peg7 1.546 
-.e659 1.672 
- 2 6 5 6  1.571 
- .>no  1.711 
-.3485 1.702 

0.2156 -0.2896 

,2082 -.2965 
,2110 -.3638 
.2143 -.>go2 
,2075 -.4%8 
.m70 -.4567 

.1403 -.5624 

.Ohoh -.5613 

,2109 -.52% 

.0609 - ,5599 

- .0172 - ,53119 
-.0917 -.w90 
-.1485 -.4794 
-.1484 -.4789 

-.2598 -.4749 
- . lyga - . 4 m  

‘L ‘D % cN CA Cp,b 

- 
-3.1 

.o 

.o 
4.1 
8.2 

12.3 
16.4 
20.5 
20.9 
20.9 
31.1 
41.4 
52.3 
52.3 
62.5 
72.6 
81.5 
81.5 
91.5 

101.4 
~ 

M = 1.00 
-0.159 0.2872 0.0282 

-.039 ,2614 ,0175 
-.038 ,2671 .0174 

,089 ,2692 ,0167 
.22> ,2899 ,0124 
,343 ,3338 ,0174 
.427 ,3836 ,0260 
,506 ,4391 ,0196 
,562 ,4692 ,0156 
,565 ,4706 .O& 
,667 ,6596 -.0216 
.811 ,9050 -.OR71 
,815 l.l& -.I339 
,815 1.1595 -.1340 
,795 1.4203 -.199 
,599 1.6208 -.2409 
.411 1.699, -.2775 
,412 1.7001 -.ZIT9 
,163 1.7588 -.3169 

-.081 1.7522 -.3520 

~ 

-0.174 
- ,039 
-.OX 
,108 
,262 
,407 
.>le 
,627 
,692 
,696 
,912 

1.207 
1.416 
1.416 
1.609 
1.707 
1.742 
1.742 
1.754 
1.734 __ 

0.21& 
,2674 
,2671 
,2622 
,737 
,2527 
.2474 
,2342 
.2377 
,2378 
,2195 
,1427 
,0657 
,0650 

- ,0138 
- .ow9 
-.1%8 
- ,1556 - ,2076 
-.2660 

~ 

-0.400 
-.371l 
- ,3701 
-.350 
- ,377’ 
-.417i 
-.43Ol 
-.3711 
-.47g. 
- .481’ 
- ,2961 
-.6031 
-.5e6! 
- . >e41 
- .!A7 

-.485: 
-.4w 
-.463L 
-.473[ 

-.524: 

~ 

4.1 . O m  

12.3 ,372 
16.5 .520 

8.2 .232 

20.; .j, 
20.8 ,576 A975 -.0152 ,715 - ,3385 
20.9 ,585 .W11 -.0137 ,725 ,2601 -.3396 
31.1 ,728  FA -.OW5 . a 5  ,2190 -.46a 
41.3 
52.5 
52.5 
52.7 
72.8 
51.5 

.794 

.775 
,776 

,587 
.m 
,403 

.W% 

.11& 

.11% 
,3631 
,5726 

1.6653 

... 
- ,0816 
- ,1267 
- ,1267 
-.1837 

-.2759 
-.23% 

. .  
1.192 
1.359 
1.357 
1.543 
1.676 
1.707 

, 1 5 5  
,0676 
,0651 
. ,0166 
-.0951 
-.1518 

-.4482 
- ,3765 
-.3762 
- ,3144 
- ,3119 
-.2W7 
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TABLE 111.- AERODYNAMIC COEFFICIENTS FOR THE BODY-FIN CONFIGLIRATION 

[6 = - 204 

M = 0.40 
-3.6 -0.502 0.1652 0.1008 -0.512 0.1332 0.1437 
- .1 - .425 ,1305 ,1205 - ,425 .1297 ,1937 
3.9 - .3i6 .0$62 .i~66 - .302 .lit3 . 2 2 9  
8.0 -.l% . O b 8  ,1470 -.179 .0%6 .2551 
l2.1 -.021 .0428 .1426 -.Ole ,0462 .2873 
16.1 .I78 .Ob70 .1298 .184 - .0042 .2552 
20.2 .364 .0785 .1143 .369 - .O522 ,1834 

M ~ n.hn .. ~ 

-3.8 -0.492 0.1698 0.0994 -0.502 0.1372 0.1113 
L.2 - .4 i4  .l3% .1204 -.414 .U39 .1717 
3.9 - .300 .lo07 .1406 - .293 .l209 ,2116 
8.0 - .188 .0679 ,1570 - ,176 .0934 . ,2459 

12.2 .004 .0436 .1475 .olJ .a18 . 2 4 g  
16.3 .148 . a 7 6  .I487 .155 .0044 .2369 
20.4 .350 .0839 .1332 .357 - . a 3 5  .1731 
20.6 .328 .0988 .1219 .342 - .0229 .1138 
20.6 .330 .1W2 .E12 ,345 - .0224 a 6 2  
31.1 .741 .2539 .0%8 .766 - ~ 6 5 0  .&% 
41.1 .735 .5375 .o226 .507 -.0788 -.4247 
51.1 .619 .6927 .0332 ,928 -.&a -A758 
51.1 .626 .6951 .0331 ,934 -.ow2 -.4726 
61.1 .563 .8808 .OB72 1.045 -.0680 -.4920 
71.2 .5O2 1.0793 .1416 1.183 - .1278 - ,4920 

M = 0.80 

-3.7 -0.507 0.1781 0.10% -0.518 0.1451 O.Og$ 
-.I - .3% .1425 .1242 -.W .1415 .OW8 
4 .O - .235 .1101 .1581 - .227 . ~ 2 6 1  .0661 
8.1 -.Ob9 .0981 .1439 -.035 .lo40 .0319 .~ 

12.2 .& .i2& .i87 .0&2 .&2j 
16.3 .363 .I821 .0658 .4m .0728 -.1426 
20.3 ,314 .2526 . o m  .382 .12& - 2970 

21.0 
21.0 
31.3 
41.4 
51.6 
51.6 
61.6 
72.0 

.362 
3 6 5  
.468 
.461 
.524 
.525 
.530 
.475 

.eo50 

.2076 

.JW 

.55O5 

.7614 

.7634 

.9753 
1.1801 

- 
-3.7 
- .1 
4 .O 
8.2 

12.2 
16.3 
20.5 

-0.414 

- .055 
.148 
.218 
.282 
-279 

- .252 
0.2601 

.21% 

.1946 

.1925 

.2149 
2536  
2943 

.1114 .411 

.1112 .415 

.0846 . a 2  

.0356 .709 

.o203 .w2 

.0204 .924 

.0818 1.110 

.1414 1.269 
M = 0 . 9  

0.1100 -0.430 
.0985 -.252 
.0841 -.a1 
.0560 .174 
.0578 .258 
.0576 .342 
.OS83 .563 

.0617 

.&29 

.OW9 

.lo@ 

.&19 

.o624 
- .m69 
- .0%2 

- .1262 
-.1335 
- .3939 
- .437l 
-.4955 
- ,4943 
- .4821 
- .4715 

0.2532 
.2182 
.1980 
~ 6 9 5  
~ 6 3 9  
.1644 
.1794 

-0.1806 
- . a 2 1  
-.2387 
- .2817 
- .P471 
- .2684 
- .2891 

21.0 .391 .3065 .0745 .475 .1465 -A077 
21.0 .393 .JOT3 .0743 .477 A465 -.4096 
31.2 .464 .4688 .0637 .640 .16oj -.4425 
41.4 A68 .6264 .03W .765 . l a 9  - .4633 
51.9 .511 .e103 .0227 .953 .0976 - A797 
51.9 .509 .8074 .0222 .949 .0976 -.47@ 
62.2 .549 1.0564 .WO 1.19 .0067 -.4875 
72.4 .488 1.2730 A520 1.361 -.om2 -.4908 

M = 0.95 
-5.7 -0.389 0.3017 0.1093 -0.408 0.2763 -0.2796 
-.l -.168 . 2 5 p  .0816 -.188 .2568 -.2827 
4 . 1  .006 .2405 .0650 .023 .2595 - .3528 
8.2 .l% .2417 .0405 .228 .2114 - .3607 

12.3 .2& .2562 .Ob$ .295 .1985 - . j2Q; 
16.5 .317 .2981 . O W  .388 .1971 -. 3360 
20.4 .327 .3384 .O%k .424 .PO35 - .32jl 
20.9 .422 .3707 .0645 .527 .1960 -.46% 
20.9 .420 .3676 .0638 .524 ~ 9 3 7  -.4633 
31.1 .456 . 5 1 9  ,0652 ,658 .- -.4638 
41.2 .447 .6555 .0244 .768 .l98 -A585 
52.2 .556 .8863 .0349 1.041 .lo46 - .5085 
52.2 .558 .e914 .0343 1.046 .lo57 - .5112 
62.5 .583 1.1346 .0989 1.276 .m62 -.si24 
72.7 .512 1.3487 .1657 1.440 -.OBI7 - .5073 

- 
-3.7 
- .1 
4.1 
8.2 

12.3 
16.4 
20.5 
20.8 
20.8 
30.9 
41.1 
52.3 
52.3 
62.5 
72.6 

-0.492 
- .305 
- .092 

.143 

.275 

.374 

.4% 

.495 

.PO 

.471 

.%9 

.644 

.a3 

.652 

.%4 

0.3882 
.34Y 
,3173 
3065 
.)la 
.3638 
.4222 
.44& 
A513 
.5642 
.-I399 

1.0052 
1 .m39 
1.2177 
1.4228 

M = 1.00 
0.1539 -0.516 ... 
.13W -.306 
.lo94 -.O7O 
.06@ .le6 
.OF5 ,336 
.OW .461 
-04% .573 
. o m  .6m 
.0578 .627 
.0472 .694 
.w23 .goo 
.&86 1.189 
. a 7 9  1.187 
.~IJL 1.372 
.1770 1.520 

0.3555 
.3444 
.3230 
.2829 
.2w7 
.2435 
.2366 
.2439 
.2442 
.2427 
.i972 
.1053 

,0019 
- .0942 

.lo% 

- 
-0.316: 
- .367f 
- .4111 
- .450t 
-.409 
- .41& 
- A395 
- .478. 
- .4&: 
- .5261 
- .518 
- .gay 
- .5835 
- .55d 
- -551i 

M = 1.03 

-5.7 -0.506 
-3.7 -.506 
-3.7 -.505 

0.3684 -0.3231 
.3682 -.323( 
,3694 -.3221 

0.4020 0.1613 -0.531 
.4016 .1608 -.531 
A027 ,1614 -.530 

- .1 - .534 .363o .1458 - .535 .5624 - .3731 
- .1 - .J40 .3660 .1489 - .340 .36% - .3711 
4 .O - .121 .3526 .1179 - .097 .3402 - .417: 
8.2 .134 ,3180 .0686 .178 .2957 -.429( 
12 .3 .2?6 .?275 . a 7 7  .340 . 2 6 2  - .42i: 
16.4 .380 .2767 .&72 .471 .2%2 -.4311 
20.5 .481 .4447 .0443 .606 .2485 - .4741 

20.8 A98 .4547 .05% .628 .2476 -.4491 
20.9 .5O3 .4575 .0%5 .633 .2484 -.450: 
31.0 .536 . a 8  .0360 .77i 2428  -.So' 
41.2 .638 .E%%) . o u 6  1.011 .i%5 -.573( 
52.1 .665 1.0233 .oY+o 1.216 .lo30 -.580f 
52.1 .666 1.0239 .oj37 1.217 .io50 -.?e>: 
62.3 .651 1.2438 .1180 1.404 .mi1 -.5;1! 
72.5 .558 1.4539 ,1825 1.555 -.0942 -.5311 

M = 1.13 
-3.7 -0.456 0.5754 0.1462 -0.479 0.54% -0.1581 
-.1 -.2% .U69  .1312 -.295 .3364 -.2491 _ _  ~ _, 
4 .O - .lo8 ,3108 .lo74 - .O% .?i77 - .27h 
8.2 .116 .e98 .0657 .157 .2802 - .297: 

12.3 .2% .3112 .&59 .315 .2500 - .3001 .~ 
16.5 .3kl .?627 .a?? A48 .2465 -.?ON 
20.5 .474 .4355 .0376 .596 .2422 - .369t 
20.8 A68 A318 .049  .5gi . 2 m  -.330! 
20.8 .472 .4338 . a 7 9  .595 .2584 - .332f 
31.0 .561 .023? .?a5 .im -.&lf 
41.2 .668 .e077 .0245 1.034 ~ 6 8 5  -.473i 
52.2 .665 1.0106 . o m  1.206 .0932 -.453' 
52.3 .665 1 .o i l6  .0587 1.207 . o g y  - .455; 
62.5 .@+I 1.2246 .li% 1.382 -.0021 -.428< 
72.6 .553 1.4379 .1833 1.537 -.0972 -.422: 

M = 1.20 
-3.7 -0.481 0.4232 0.1568 -0.507 0.3914 -0.3228 
- .1 - .533 .3%6 .1420 - .334 .3859 - .340 
4 .O - .I33 .35% .1108 - .lo7 .5670 - .363. 
8.2 .060 .3516 .0831 .110 .33% - .39a 

12.3 .e48 .3748 .0557 .322 .J134 -.413 
16.4 .389 . 4 m  . o m  .489 .2856 -.406 
20.5 .520 .4%6 ,0244 .658 .2734 - .439 
20.7 .489 .4692 .0324 .623 .e658 - . Z4Z 

~~ 

20 -7 .4% .47i5 .Oj26 ,629 .e658 - .542' 
31.0 .656 .6636 .wgl .904 .2jo9 -.496 

52.3 .656 .9855 .0536 1.168 .io03 -.3€9 
52.3 .634 .984i .0515 1.166 .io16 - 3 9  

41.1 .637 .7694 .0155 .999 .1766 -.424 

62.5 .605 1.1773 .lo81 1.324 .0082 - .340 
72.6 .535 1.4005 .1763 1.4% -.0918 -.336 
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Mach number, M 

Figure 3.- Variation of Reynolds number range with Mach number. 
Reynolds number based on body length.  
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Angle of attack ,o,deg Angle of atiack ,a ,deg 

(b) Drag characteristics. 

Figure 5.- Continued. 
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(c) Pitching-moment characteristics. 

Figure 5.- Continued. 
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Angle of Oflock ,o deg 

(a) Normal-force characteristics. 

Figure 5.- Continued. 
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M.0.80 

M= 0.95 

M-1.13 

M.1.20 

M=1.00 

L-60-5547 
Figure 6.- Schlieren photographs of the  body-alone configuration. 

a = 200. 
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(b) Moment characteristics, 
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Figure 7.- Summary of the longitudinal aerodynamic parameters at low 
angles of attack for the body-alone and body-fin, 
figurations. 
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CLJL 

Mach number, M 

Figure 8.- Summary of maximum lift-drag-ratio characteristics for the 
body-alone and body-fin, 6 = 0' configurations. 
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(d)Axial and lift characteristics. 
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Figure 9.- Summary of the longitudinal aerodynamic parameters at an 
angle of attack of 90° for the body-alone and body-fin, 
configurations. 
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Figure 10.- Effects 

Angle of attack ,a ,deg 

of a fin deflection of -20' on the pitching-moment 
characteristics. 
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